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1.

A. SUMMARY AND CONCLUSTONS

Immunotoxicity is defined as the adverse effects of foreign substances
(xenobiotics) on the immune system. Two types of effects are possible
immunosuppression (which may result in an increased susceptibility to infection
or to the development of tumours) and immunopotentiation (which may manifest as
allergy or as autoimmunity).

. Two classes of foreign substances have been discussed as potential

immunotoxins: medicines and industrial chemicals, which include environmental
chemicals, agricultural chemicals and food additives.

. A critical review of the literature on the potential immunotoxic effects of

medicines and industrial chemicals indicates that there is, as yet, little
evidence to substantiate any belief that well controlled occupational exposure
to industrial chemicals has led to clinically significant immunosuppression. A
number of medicines have been specifically designed to suppress the immune
system in organ transplant recipients or are immunosuppressive due to their
cytotoxic action during cancer chemotherapy, but there is 1little to suggest
that other medicines have inadvertently caused immunosuppression.

In contrast, a number of industrial chemicals and medicines have been shown to
cause immunopotentiation in exposed populations, producing occupational asthma,
dermatitis, drug induced allergy and autoimmunity.

. Immunotoxic effects have been produced by industrial chemicals in experimental

models. In only a minority of such studies has immunosuppression been monitored
by assessing overall immune competence; in most studies it has been examined
using in vivo or in vitro immune function tests, the results of which are
difficult to interpret in terms of effects on human health. Although industrial
chemicals and medicines have been studied extensively in experimental models,
there are few reports of inadvertent immunosuppression Tleading to increased
susceptibility to infection. Similarly, there is no clear evidence that
medicines or industrial chemicals have induced tumours in animals as a direct
consequence of an immunosuppressive effect.

A strategy for assessing immunotoxicity in experimental models has been dis-
cussed. It is considered that sub-acute and chronic toxicity studies (provided



FOREWORD

Over the past few years the European Chemical Industry Ecology and
Toxicology Centre (ECETOC) has published a number of Monographs in which
it has attempted to clarify, and express its views on, some of the more

important problems in toxicology. This Monograph is a further addition
to the series.

The possibility that chemicals could interact with, and modify, the
responses of the immune system 1is well recognised. The successful use
of medicines to inhibit the rejections of organ transplants, the present
research in the pathogenesis of AIDS, and the widespread wuse of
chemicals with a possible effect on the {immune system of man have
increased the research in immunotoxicity.

In this Monograph a critical review of potential immunotoxic effects of
chemicals is given, and a strategy for assessing immunotoxicity in
experimental models and 1in exposed human populations is discussed. A
number of recommendations for further research are also made.

I therefore vrecommend this Monograph to all those who are responsible

for, or concerned about, the health protection of potentially exposed
human populations.

~

R.R. Knowland
Chairman ECETOC Board



they include a full gross and histopathological assessment of the lymphoid
organs) together with skin sensitisation tests are capable of providing
considerable insight into the integrity and activity of the immune system of a
treated animal. Should such studies indicate that a substance has affected the
immune system, an assessment of immune function, using function tests, should
follow. These detailed studies should be performed at dose levels below those
which cause frank toxicity.

6. A strateqy for assessing the occurrence of immunotoxicity in exposed human
populations has also been discussed. There is a need for reliable clinical
assessment, accurate medical record keeping, environmental and biological
monitoring for levels of contaminating chemicals and the judicious use of
validated immune function tests.

7. A number of recommendations are made. The reliability of toxicity studies in

determining immunotoxic effects should be further assessed. In addition it is
recognised that there is a need for fundamental research in this area.

B. INTRODUCTION

The possibility that chemicals and medicines could interact with and modify the
responses of, the mammalian immune system is well recognised. The successful use
of medicines to modulate the immune system, e.g. to inhibit rejection of organ
transplants, the research into the pathogenesis of AIDS and -recognition that
chemicals used for a wide varjety of purposes may have a potential to produce
effects on human and animal immune systems, have stimulated discussion on the
subject. There is <clearly a need to assess whether substances cause
immunomodulating effects and whether these effects present a risk to human health.
A number of national and international organisations are now showing an active
interest in immunotoxicity. [t has been the subject of several major scientific
conferences which have been extensively reported (NUEHS, 1980; BTS, 1983). The
EEC, UNEP, TLO and WHO (TPCS) also discussed the problem at a seminar in 1984
(1PCS, 1984) and in a Technical, Review and Working Group ([PCS, 1986)

In the USA the National Toxicology Programme (NTP) considered the types of test
which could be used to screen for specific effects on the immune system during the
toxicological evaluation of chemicals.



This increasing interest and experience in immunotoxicology and the promotion of
immune function tests for incorporation into routine toxicological test schedules
was considered to be of particular importance to ECETOC and should be the subject
of a critical review since no clear guidance is presently available on how to
address immunotoxicity.

A TF was therefore set up with the following terms of reference :

1. To review to what extent conventional toxicological testing can provide
information of value in the detection of immunotoxicity.

2 To comment whether supplementary tests are necessary for the detection of
immunotoxic effects.

3. To review critically the reliability of tests from which the effects of
chemicals on the human system can be predicted.

4. To advise whether it is possible at present to set out strategies for assessing
the immunotoxic effects of chemicals and the assessment of likely hazard to
human health.

Definitions of some terms specifically related to immunotoxicity as well as the
meaning of some abbreviations are given in Appendix 1.

C. THE TMMUNE SYSTEM AND TMMUNOTOXTCITY

1. The Immune System

The immune system is concerned with recognising and defending against infective
micro-organisms and neoplastic cells. Tt also responds to transplanted organs
or tissues and food and chemical materials which have been ingested, inhaled or
applied to the skin. Many foreign materials are prevented from entering the
body or are rapidly eliminated by non-specific, non-immune (e.g. mucous
secretions and phagocytosis by macrophages) and immune mechanisms. With some
substances, individuals may develop an immune response which is specific to the
substance and which imparts immunological memory so that the body is able to
react more quickly and effectively to a future attack by the substance. This
adaptive immune system may be considered in simple terms to consist of three
specific elements : the foreign substance which is called the antigen;
lymphocytes which are cells of the blood and lymphoid system and antibodies
(cf. Appendix 1 for definition of the underlined terms). Interactions between
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these three elements and other specialised cells (e.g. antigen presenting
cells) or other biological systems (e.g. the complement system) form the basis
of the activity of the immune system. A response against an antigen mediated

directly by lymphocytes is termed cell-mediated immunity. Responses involving
antibodies are referred to as humoral immunity.

A generalised reduction in the capacity for either type of response is known as
immunosuppression and may result in an increased susceptibility to infection by
micro-organisms or to the development of tumours as seen for example in AIDS.

A generalised increased immune responsiveness is known as immunopotentiation.

This report considers only two antigen specific manifestations of this

phenomenon, namely hypersensitivity (allergy) and autoimmunity. Appendix 2
describes in further detail the mechanisms of immune hypersensitivity.

Detailed reviews of the immune system and its components can be found in Roitt
(1984), Paul (1984), Staines et al.(1985) and Roitt et al.(1985). Figures 1 to
3 depict the basic elements of the immune system.

2.lmmunotoxicity

Immunotoxicity is defined as the adverse effects of foreign substances on the
immune system. Two types of effects are possible : immunosuppression and
immunopotentiation. Foreign substances may be of synthetic, natural or
biological origin and include medicines as well as industrial chemicals.

D. IMMUNQOTOXIC EFFECTS OF CHEMICALS TN HUMANS

Introduction

Using experimental models a large number of medicines and industrial chemicals
have been shown to have various effects on the immune system (see Chapter E).
With the exception of hypersensitivity reactions and the effects of those
medicines specifically designed to modify the immune response, evidence
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Figure 2. The interaction of cells in an immune response. Antigen 1s presented to B cells, T-helper

cells and precursors of T-cytotoxic cells by antigen-presenting cells. The activation of T-cytotoxic
cells requires a signal from the T-helper cell, which may be suppressed by I-suppressor cells. The

transformation of B lymphocytes into antibody-producing (plasma) cells usually requires both the
presentation of antigen and a help signal.
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Figure 3. Immune responses to infectious agents. Antibody protects against bacterial damage by combining
with and neutralising toxins (1) and binding to the bacterium itself, thus facilitating phagocytosis and
activating complement (2)., Macrophages which are unable to kill the phagocytosed bacteria present
bacterial antigens on their surface (3). These are recognised by a sub-set of amplifier T cells known as
Tdth cells which secrete lymphokines, a heterogeneous group of chemicals, one of which, macrophage
activating factor (MAF), stimulates the macrophage to kill the intracellular bacteria. Virus-infected
cells are lysed directly by T-cytotoxic cells (Tc) following presentation of viral antigens by
antigen-presenting cells (4), Virus infected cells release interferons which limit viral replication in
other tissue cells, Antibody performs two important functions by binding to virus which has been shed by
infected cells : it promotes phagocytosis and prevents the virus attaching itself to other tissue cells,

Fig.l, 2, 3 reprinted from : Introducing Immunology. Eds. N. Staines, B. Brostoff, K, James (1985). By
permission from Gower Medical Publishing, London.
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that medicines and industrial chemicals produce unexpected immunotoxic
effects in humans is scarce. Examples of immunotoxic effects described here
are limited to a few medicines and industrial chemicals for which evidence of
an effect on the immune system has been found.

. Immunosuppression

The normal immune response can be suppressed by factors such as aging, acute
and chronic infections, stress, malnutrition and neoplastic disease.
Assessment of the possible immunosuppressive effects of medicines and
industrial chemicals must take account of these confounding factors.,

Medicines

When considering the immunosuppressive effects of medicines it is essential
to differentiate between those which are intended to interact with and

suppress the immune system and those which are not expected to have
immunosuppressive effects.

There is evidence that medicaments which suppress the immune response
predispose to infections, aqgravate existing infections or reactivate
latent infections. An increased incidence of infections is seen for example
in patients undergoing therapy with corticosteroids and other medicines
used in organ transplantation or to treat cancer (Cupps and Fauci,1982;
Heise, 1982). In cancer patients, the frequency and severity of infections
are greatly increased; this arises not only from the immunosuppressive
effect of anticancer medicines but also from the disturbed immune function
caused by the neoplastic disease jtself.

As corticosteroids and cytotoxic medicines (e.q. azathioprine,
cyclophosphamide, chlorambucil, thiotepa) influence almost all components

of the immune system (Bach, 1975), the exact mechanism by which resistance
to infections is reduced is unclear.

An increased incidence of neoplasia is a serijous problem in patients
treated with immunosuppressive medicines. Further malignancies, mainly
leukaemias and 1lymphomas, develop frequently following chemotherapy for a
variety of neoplastic diseases. With the increase in the survival time of
patients treated with chemotherapy there is an increased probability of the
development of a second cancer (Penn, 1985). This complication seems to be
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associated particularly with prolonged use of alkylating immunosuppressive
agents. However treatment with high doses of the medicine Ciclosporin A,
which is not an alkylating agent, has also been associated with an
increased incidence of lymphomas. These may, however, vresult from a
decrease in resistance to Epstein Barr (EB) virus, as a consequence of the
immunosuppressive action of the medicine, and they regress when the dose of
Ciclosporin A is reduced or when treatment is discontinued. (Elves, 1983;
Starzl et al., 1984; Penn, 1985). On the other hand reports indicate that
antimetabolite immunosuppressants such as methotrexate and azathiophrine
can also increase the risk of cancer as can Tong term treatment of organ
transplant patients with mixtures of non-alkylating immunosuppressive
medicines (Penn, 1985; Bennett and Norman, 1986). Thus it is not clear
whether the increased cancer incidence seen in patients treated with
immunosuppressive medicines is caused directly by the genotoxic action of
the medicine used, or whether it is a consequence of the immunosuppressed
condition of the patient. [t seems likely that the development of
malignancies in the patients is determined by complex interactions of a
number of factors, such as reduced immunosurveillance, individual
susceptibility, graft-versus-host reaction, co-carcinogenic effects and
oncogenic viruses.

ITndustrial chemicals.

Over the last 10-15 years there have been a number of incidents in which
aromatic halogenated hydrocarbons such as polychlorobiphenyls (PCBs),
polybromobiphenyls (PBBs) and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
have been released into the environment leading to direct human exposure
and more commonly to indirect exposure from contaminated food or soil.
These chemicals have been shown to have a potential to induce
immunosuppression in a number of experimental models (cf. Chapter E).

Bekesi et al.(1978) investigated the effects of PBBs on the immune system
of dairy farmers from Michigan who had eaten 9-10 mg in contaminated food
(Fries, 1986). In comparison with control groups, Wisconsin farmers and New
York residents, the Michigan farmers showed a decreased number of
circulating T-lymphocytes and an increased number of circulating
lymphocytes without surface markers (null cells). In addition T- and B-cell
proliferation was decreased in the exposed group. No correlation was found
between these effects and the PBB serum concentration. Although Roboz et



al.(1980) described a correlation between the changes in lymphocyte numbers
and the PBB level in the lymphocytes, Strass et al.(1981) could not confirm
the findings of Bekesi et al. (1978) in a study of Michigan farmers and PBB
manufacturing workers who had serum PBB concentrations of 14 and 48 ppb
respectively. There is no clear evidence that the exposure resulted in an
increased susceptibility to infection.

Shigematsu et al.(1978) found an increased incidence of respiratory
infections in humans who had been exposed to PCB in contaminated rice o0il;
the estimated average total exposure was 800 ml of oil containing 1000 ppm
PCB. In another study Chang et al.(1982-a) found a reduced number of
immunoglobulin and complement receptors on monocytes and polymorphs in a
population exposed to PCB (serum concentration 15.5 - 98.4 ppb) and
concluded that the decreased function of the cells could lead to an
increased incidence of infections. In another study, Chang et al.(1982-b)
found a significant correlation between the suppression of cellular
immunity (assessed by response to recall antigens) and the severity of
dermal lesions caused by PCB exposure.

Following an accident in 1976 in Seveso an immunological investigation was
performed on 44 children exposed to an estimated total of 7.5 mg TCDD.
Concentrations of serum immunoglobulins and complement and in vitro
lymphocyte proliferation were all normal (Reggiani, 1978). In contrast,
Hoffmann et al.(1986) reported an increased frequency of anergy to recall
antigens in people 1iving in a TCDD contaminated area for up to 15 years.
The TCDD levels in soil ranged from 39-1100 ppb.

Studies performed on workers exposed to solvents have shown effects on
certain immune parameters,e.g. decreased serum immunoglobulin levels (Lange
et al., 1973), and decreased numbers of circulating T-lymphocytes
(Moszcsynsky, 1981; Denkhaus et al., 1986). However their relationship to
solvent exposure 1is uncertain since quantitative exposure data were
lacking. In addition, no increase in infections was described so the
clinical significance of these findings remains unclear.

Some heavy metals (Pb, Hg and Cd) have caused immunosuppression in
experimental animals as has been demonstrated for example by host
resistance tests (Koller, 1980; Lawrence, 1981). Only limited human data
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are available and these do not substantiate the findings in animals. Kimber
et al.(1986) found no alteration in serum immunoglobulin levels (1q9G, TqA,
TgM), T-lymphocyte numbers and NK-cell function in workers exposed to lead
(mean blood lead concentration 400 uq.l'l,mean exposure time 10 * 6 years).

Although alkylating agents are expected to cause immunosuppression, Van
Sittert et al.(1985) could find no effects on serum immunoglobulin levels
and B- and T-cell proliferation in a group of workers exposed to low
concentrations of ethylene oxide (<0.05 ppm).

Experimental data show that animals exposed to 03 or NO2 have a decreased
resistance to infection and it has been suggested that this may be due to
impaired non-specific defence mechanisms (Gardner and Graham, 1984). There
are no well validated human data available to confirm that these agents are
immunosuppressive in man although an association has been reported between
exposure to 502, NO2 and O3 as air pollutants, and the incidence of acute
respiratory tract infection, especially in children. (Lunn et al., 1967;
French et al., 1973; Mostardi et al., 1981). A number of confounding
factors such as smoking, and socio-economic status may play an important
role in the pattern of disease observed (Thomas et al., 1973; Ferson et
al., 19795 Anon., 1985; Van Sittert et al ., 1985); even passive smoking
has been connected with an increased incidence of pneumonia and bronchitis
in childhood. (Colley et al., 1974).

Numerous epidemiological studies have explored the relationship between
occupational exposure to chemicals and cancer incidence. Gozodilovic and
Mandrik (1978) found tumours in workers exposed to benzidine, especially
those with suppression of cellular immunity as shown by skin tests.
Asbestos exposure also suppresses cellular immunity (Doll et al., 1983;
Bekesi, 1984) and it has been suggested that the increased cancer incidence
in asbestos workers could be due to this immunosuppression. In spite of the
immunotoxic effects demonstrated to occur with these and other chemicals no
conclusion can be drawn from data at present available on the relationship

between immunosuppression and the occurrence of cancer following exposure
to industrial chemicals.

Animal data demonstrate that organotin compounds are immunosuppressive and
their mechanism of action has been clarified (cf. Chapter E). At present



3.

-11-

there is no evidence to suggest that exposure to organotin compounds leads
to immunosuppression in man.

In conclusion there are, as yet, few human data available to substantiate
the belief that exposure to industrial chemicals can lead to clinically
significant immunosuppression.

{mmunopotentiation

Immunopotentiation arising from exposure to medicines and industrial
chemicals may result in the development of allergy and/or autoimmunity.

3.1. Allergy

3.

1.

1.

Allergic reactions most commonly involve the respiratory tract and the

skin. The following examples are only a selection of the vast amount of
data available in the literature.

common inducers of respiratory allergy which manifests as rhinitis,
bronchoconstriction and bronchospasm and occasionally anaphylaxis
(Descotes, 1986). Other antibiotics may also cause anaphylactic reactions
but more rarely than penicillin allergy. Anaphylactic reactions have also
been reported to dextran solutions and medicines containing animal
proteins (Brewis, 1981; Assem, 1981).

The most common allergic reaction in the skin following topical exposure
is eczema. Allergic skin reactions are also encountered when medicines
are administered systemically. The mechanism by which such effects occur
is often not understood and the fact that one medicine may produce a
variety of skin reactions makes it difficult to decide whether or not any
or all of the effects are immunologically mediated. Medicines such as
penicillin, imipramine, dextran solution and insulin may induce an
urticaria (Felix, 1979) which is mediated by a type 1 hypersensitivity
mechanism (cf. Appendix 2). Allergic contact dermatitis, which is
mediated by a type [V mechanism (cf. Appendix 2) is often seen following
topical administration of certain medicines. In one multi-centre study,
14% of 4000 patients with eczema were considered to have drug-induced
allergic contact dermatitis (Felix and Stevenson, 1981). Topical
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medicines containing local anaesthetics (e.q. benzocaine),
antihistamines, antibiotics (e.g. neomycin), corticosteroids and certain

cream or ointment ingredients (e.g. lanolin, parabens) are well known
sensitisers (Fisher, 1986). A particular problem with some allergens is
cross-reactivity. For example patients sensitised to neomycin may react
also to gentamycin, kanamycin and framycetin (Felix, 1979).

Certain medicines require activation by UV 1ight before they induce
allergic contact dermatitis. They are known as photosensitisers and
include the sulphonamides, phenothiazines, tetracyclines and nonsteroidal
anti-inflammatory agents (Felix, 1979).

Industrial _chemicals. Several important industrial chemicals are now
recognised as causes of occupational respiratory allergy, for example
isocyanates, acid anhydrides, platinum salts and reactive dyes (Parkes,

1982; Chan-Yeung and Lam, 1986).

There are two distinct clinical manifestations of occupational allergic
lung disease, asthma (Bernstein, 1981) and alveolitis (Fink, 1984-b).
Allergic occupational asthma is mediated by a type [ hypersensitivity
reaction and extrinsic allergic alveolitis (EAA) by a type 111 and/or
type 1V reaction (cf. Appendix 2). Tn addition, repeated exposure to
allergens may increase the bronchial hyperreactivity of sensitised
individuals (Cockcroft et al., 1977), making them more likely to react to
nonspecific (irritant) stimuli.

Rhinitis and/or asthma have been seen in many subjects exposed to toluene
di-isocyanate (TDU) and occasionally in those exposed to hexamethylene
di-isocyanate (HDU) and diphenylmethane di-isocyanate (MDI). The
mechanism'of TDU-induced asthma is not fully understood. Immunological
factors, such as the detection of isocyanate-specific 1gE in the serum of
symptomatic individuals (indicating a type 1 hypersensitivity mechanism)
have been demonstrated in only 15-20% of subjects who showed bronchial
hypersensitivity to TDU din dinhalation challenge tests (Butcher et
al.,1980; Baur, 1983). In the remaining 80-85% it was suggested that non-
immunological mechanisms such as|() -adrenergic receptor blockage and/or
acetylcholinesterase inhibition may have led to the asthmatic symptoms



(Butcher et al.,1982; Dewair et al.,1983). Both immunological and non-
immunological mechanisms can increase non-specific bronchial reactivity.
[socyanate-induced EAA has also been described (Malo et al., 1983;
Nielsen et al.,1985).

The acid anhydrides, phthalic anhydride, trimellitic anhydride and
tetrachlorophthalic anhydride, also cause occupational rhinitis and
asthma. A type [ hypersensitivity mechanism has been demonstrated in
many subjects who develop symptoms immediately following exposure by the
finding of specific IqE in the serum or a positive skin prick test
(Bernstein et al,,1983; Howe et al., 1983; Wernfors et al.,1986). Some
individuals develop symptoms which begqin 4-12 hrs after exposure to
anhydrides (Bernstein et al.,1983). This is referred to as late
respiratory systemic syndrome and is characterised by the presence of
specific [gG antibodies in the serum. [t thus resembles a type TII
reaction, such as that seen in EAA. TMA exposure can also result in an
infiltrative lung disease with haemoptysis and anaemia which resembles
Goodpasture's syndrome, and may therefore involve a type 11 reaction
(Zeiss et al.,1983),

The respiratory allergenicity of platinum salts is well documented. The
immediate onset of symptoms, the presence of platinum-specific TgE
antibodies and positive skin prick tests have confirmed that many of the
symptoms are caused by a type I hypersensitivity mechanism (Biagini et
al.,1985; Murdoch et al.,1986). Other metals and salts such as the
well-known skin sensitisers, chromates and nickel salts, can also cause
respiratory allergy (Fink, 1984-a). Hard metal lung disease (asthma
and/or EAA) can result from exposure to cobalt (Sjdgren et al.,1980;
Gheysens et al.,1985). Berylliosis is a granulomatous lung disease which
possibly arises from a type [V reaction (Parkes, 1982).

Respiratory allergy to reactive dyes was first described by Alanko et
al.(1978). Four workers had lgk-mediated hypersensitivity reactions to a
small number of reactive dyes as shown by nasal and bronchial provocation
tests and by positive skin tests and RASTs. Further cases of respiratory
allergy to a wide range of reactive dyes have since been jdentified in
dye-house workers in the UK, the majority being confirmed to be IgE-
mediated by skin tests and RASTs (Docker et al.,1986).



Exposure to proteolytic enzymes derived from Bacillus subtilis caused

respiratory aillergy in the detergent ihdustry. Again, tests confirmed
that they were mediated by a type [ reaction (Juniper et al.,1977).

Type [ and type [V reactions can also mediate allergic skin diseases.
Type TV reactions which lead to contact dermatitis can occur following
exposure to potassium chromate, nickel sulphate, para-phenylenediamine,
cobalt chloride, colophony, ethylenediamine, mercaptobenzthiazole,
formaldehyde and epoxy resins (Foussereau et al.,1982), Some of these
substances can also cause occupational asthma (Sherwood 8urge, 1981).

Diethyltoluamide (Kleinhaus, 1985), parabens (Henry et al.,1979) and
chloramine-T (Dooms-Goossens et al.,1983) are examples of allergens which
can cause contact wurticaria by a type [ reaction. It should be
appreciated that many cases of urticaria following exposure to industrial
chemicals are caused by non-immunclogical mechanisms (Kleinhaus, 1585).

3.2. Autoimmunity

3.2.1., Medicines. A number of medicines induce autoantibodies and/or clinical

symptoms indicative of autoimmune disease. The symptoms usually disappear
after cessation of drug treatment.

Drug-induced autoimmunity is best seen in the systemic lupus
erythematosus (SLE)-like condition associated with the use of certain
medicines (e.g. procainamide, isoniazide, hydralazine, penicillamine and
thiouracils) (Rothfield et al.,1978; Reidenberg, 1981; Davies, 1981;
Jaffe, 1981; Litwin et al.,1981; Assem, 1981; Hughes et al., 1981).
Long-term penicillamine treatment has occasionally induced autoimmune
responses resulting in skin eruption (pemphigus-like blisters) or a
neuromuscular disorder (a syndrome similar to myasthenia gravis) (Felix,
1979). Autoimmune haemolytic anaemia has been reported following
long-term  treatment with methyldopa, 1-dopa, mefenamic acid,
chlorpromazine and hydantoins (Girdwood, 1979). Mild to severe
proteinuria has been seen in rheumatoid arthritis patients treated with
gold salts; immunological tests indicated possible autoimmune
pathogenesis (Wooley et al., 1980).
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the humoral immune response as shown by an increased prevalence of auto
antibodies, e.g. antinuclear antibodies (ANA). Exposed individuals have
an increased frequency of certain autoimmune diseases (e.qg. rheumatoid
arthritis, SLE, progressive systemic sclerosis) (Doll et al.,1983;
Sluis-Kremer et al.,1985). Although the results of some studies suggest
a relationship between the presence of autoantibodies and the development
of lung fibrosis 1in asbestosis patients, other studies indicate a
relationship between lung fibrosis and suppressed immunity (Boyd et al.,
1982; Lange et al.,1986).

An association between exposure to high levels of solvent vapour and the
development of glomerulonephritis, especially Goodpasture's syndrome, has
been proposed (Ravnskov et al.,1983; Polla et al., 1983; Bernis et
al.,1985). The suggested mechanism of action was the production of
antibodies against alveolar basement membrane which had been damaged by
the solvents and cross-reaction between these antibodies and the basement
membrane of the glomerulus (Lauwerijs et al.,1985).

Immunological mechanisms have been suggested in the aetiology of lead and
mercury nephropathy (Wedeen, 1984). For example antiglomerular basement
membrane antibodies have been reported folTowinq exposure to mercury
compounds (Druet et al.,1982).

Autoimmunity has been implicated in the aetiology of the "Toxic 011
Syndrome" (Kilbourne et al.,1983). In 1981 this disease occurred in
20,000 Spanish people after consumption of a chemically contaminated
rape-seed oil. Symptoms were diverse and included an unspecified
neuromuscular syndrome, scleroderma, Raynauds' disease, SjBgren syndrome
and pulmonary hypertension, However, evidence suggests that the "Toxic
0il Syndrome" cannot be explained solely by the development of
autoimmunity.

Chemical and medicine induced autoimmunity presents a complex probliem.
[ts development is influenced by factors such as age and nutritional
state and perhaps most importantly, by genetic predisposition. For
example, the induction of SLE-Tike disease by medicines depends on the
rate of metabolism (Reidenberg, 1983) and there may be a link between HLA
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type and the development of solvent related Goodpasture's syndrome (Rees
et al., 1978).

E. IMMUNOTOXIC EFFECTS OF CHEMICALS TN ANTMALS

Introduction

Experimental animal models have been used to study the effects of chemicals
and medicines on the immune system. Using a wide variety of experimental
techniques, a large number of medicines and chemicals have been demonstrated
to affect cell mediated and humoral immunity, and non-specific defence
mechanisms. However, apart from sensitisation, many of the findings reported
in animals, have not so far been observed in humans. The reasons for the poor
correlation are unclear but it may reflect the use of high experimental dose

ievels (causing frank toxicity), inappropriate routes of exposure or species
gifferences, etc..

~1though chemicals and medicines can suppress or potentiate particular
aspects of the immune system, it should be recognised that it is the final
sverall effect that substances have on immune competence which s most
‘mportant. Demonstration of an effect on an isolated aspect of immune
“unction, e.g. mitogen responsiveness, does not necessarily indicate that the
immune system of the animals has been sufficiently compromised to cause
zdverse health effects.

~ comprehensive review of all published data on the immunotoxic effects of
industrial chemicals and medicines is not within the scope of this monograph;
~his chapter will examine only selected examples of chemicals which have been
shown to be immunotoxic to animals. The immunotoxic effects of chemicals and
~edicines have been cataloqued by Descotes (1986).

“Tmunosuppression

Suppression of the overall immune response in the three immune pathways
“humoral, cell mediated and non-specific) is usually reflected by :

a) increased susceptibility to infection;

b) decreased antibody response to immunisation;

c) decreased cell mediated immunity.
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These immunotoxic effects are commonly associated with pathological changes
such ds bone marrow suppression or lymphoid tissue atrophy, which are seen as

sensitive indicators of possible toxicity to the immune system (Vos, 1977;
Luster et al., 1982).

Medicines

Cyclophosphamide suppresses all cells of the immune system by acting on
bone marrow stem cells (Hersh, 1974), In the mouse this has been shown to
manifest itself as increased susceptibility to bacterial (Bradley, 1985)
and viral infections (Dempsey and Morahan, 1985), decreased resistance to
tumour transplants (Dean et al., 1979-c; Murray et al., 1985) and reduction
in cell-mediated immunity (Dean et al., 1979-c). In vitro/ex vivo assays
suggest that cyclophosphamide reduces B and T cell proliferation and
development of antibody producing cells (Dean et al., 1979-c). [t also
causes a number of pathological changes such as lymphoid tissue atrophy and
alterations in numbers of circulating lymphocytes.,

In a comparison of the effects of diethylstilbestrol and cyclophosphamide
in mice, both compounds impaired resistance to bacterial infection but no

marked depression was seen to parasitic infections (Morahan et al., 1984).

The immuncsuppressive effects of corticosteroids are well known (Bach,
1975). Their mechanism of action is complex (Young et al., 1981); they are
Cytotoxic to lymphocytes and consequently suppress both humoral and cell
mediated immune pathways leading to an increased susceptibility to infec-
tions and a reduction in delayed hypersensitivity responses. In vitro/ ex
vivo experiments have shown that corticosteroids also suppress B and T
cell proliferation and their cytotoxic action means that they cause
extensive atrophy of lymphoid tissue and a reduction in numbers of
circutating lymphocytes. Although corticosteroids seem to have similar
effects in a number of species, the mouse and rat appear to be more

sensitive than the guinea pig or non-human primates (Frenkel and Havenhill,
1963).

Ciclosporin A is a potent immunosuppressive agent which acts specifically

against T cell populations (Elves, 1983), In animals it impairs antibody
production to T cell dependent antigens, reduces delayed type
hypersensitivity responses, prolongs skin graft survival and causes atrophy
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of lymphoid tissue (Ryffel et al., 1983). Following exposure of rats and
primates for up to 2 years there was no evidence of increased
susceptibility to infection or neoplasia. [In another study an increased
incidence of lymphomas was found in primates undergoing organ transplants
and receiving a combination of Jimmunosuppressive drugs including
Ciclosporin A (Reitz and Bieber, 1982). The relevance of this finding
remains controversial but is thought to be related to the presence of
Epstein-Barr virus in these animals (Elves, 1983).

Industrial chemicals

The immunosuppressive effects of PBBs are well documented (Faith et al.,
1978) and have been reviewed by Fries (1986). Exposure of several animal
species to high levels of PBBs results in atrophy of the thymus and T cell
dependent areas of the spieen and lymph nodes. Reductions in serum (gM and
TgG have also been reported. In rats and mice these findings have been
accompanied by decreased mitogen responsiveness, indicative of an effect on
T and B cell function, although some contradictory results are reported
(Faith et al., 1978). Reduction of a delayed type hypersensitivity response
has also been demonstrated. The effects on the immune system invariably
occur at dose levels at which there are other signs of toxicity (liver
lesions, decreased body weight gain). There appears to be considerable
species difference in response, the rat being particularly sensitive
(Luster et al., 1978). ‘

Other halogenated aromatic hydrocarbons such as PCBs and TCDD also suppress
the immune system of animals. These have been reviewed by Vos (1977),
Koller (1979), and Silkworth and Loose (1981). 1In common with other
immunosuppressive agents the effects of TCOD on Tymphocyte function appear
to vary with the age of the animal; immature T and B cells are particularly
sensitive to the suppressive effects of TCDD. In addition, exposure of
rabbits to low lTevels of PCBs or TCDD had either no effect on cell mediated
and humoral responses (Street and Sharma, 1975) or enhanced the 146G
antibody response to tetanus toxoid (Sharma et al.,1984). Another study in
rodents showed that exposure to low levels of PCBs enhanced rather than
suppressed mitogen responsiveness (Bonnyns and Bastomsky, 1976).
Suppression of T-dependent antibody responses and the thymic atrophy
induced by PCBs in mice depends on the planarity of the PCB molecule
(Silkworth and Brabstein, 1982). Use of different strains of mice has



-19-

demonstrated that PCBs bind to the Ah (aromatic hydrocarbon) receptor to
produce altered growth and differentiation responses. Studies of hepatic
aromatic hydrocarbon hydroxylase induction have led to the conclusion that
immunotoxicity caused by halogenated aromatic hydrocarbons is a consequence
of activation of the Ah gene complex (Silkworth et al, 1984).

The immunotoxic effects on animals of organotin compounds, particularly
di(n-octyl)tin chloride (DOTC), have been extensively studied. DOTC causes
thymic atrophy in the absence of other pathological change on oral adminis
tration to inbred rats (Seinen and Williams,1976). A depletion of smail
lymphocytes in the thymic cortex, without signs of lymphocyte destruction
or macrophage activation, is the most prominent feature (Penninks et al.
1985). DOTC exposure led to a reduction of cell-mediated immune responses
in the rat (Miller, 1983). Miller et al.(1986) have also shown that DOTC
exposure can affect the T-cell dependent humoral immune response at high
doses in female Balb/c mice (500 mg/kgbw by gavage at weekly intervals for

8 weeks). However, the delayed hypersensitivity response to oxazolone was
not influenced by DOTC treatment.

Inorganic metals (particularly lead, cadmium and mercury) affect the immune
system in animals; this subject has been reviewed by Koller (1980). The
relevance of the effects 1is uncertain since both immunopotentiation and
immunosuppression can occur depending upon the species studied, the dose
administered, the route of exposure and the particular metal salt
administered. For example, intravenous injection of lead acetate increased
the susceptibility of rats to various gram-negative bacteria (Selye et al.,
1966). The resistance of mice to Salmonella typhimurium was also decreased
following injection of various lead salts (Hemphill et al., 1971). Using
the Jerne plaque assay, Hillam and Ozkan (1986) have shown that aerosolized
lead nitrate (estimated exposure 80 ug/d for 14 d) was more
immunosuppressive than similar amounts of the same compound administered by
gastric intubation (125 pg/d). Exposure of a number of strains of mice to
lead even at relatively high doses (10 mM in drinking water for 3 to 4
weeks) did not produce immune suppression (Lawrence et al.,1984) whilst
Balb/c mice showed enhanced responses (Koller et al.,1976). These effects
were usually obtained after the injection or oral administration of
substantially greater concentrations of lead than is normally found in the
environment. Conflicting results were vreported by Kerkviiet and
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Baccher-Steppan (1982), who found enhancement of cell mediated cytotoxicity
whereas Neilan et al.(1983) described a reduction of antibody dependent
cell cytotoxicity in the absence of overt toxicity in mice administered
lead acetate in the drinking water.

Airborne chemicals which affect the human immune response,for example
asbestos, silica , coal dust, and NO2 (cf. Chapter D) have also been shown
to affect the immune response in animal models (Burns et al.,1980; Jakab,
1987;Gardner and Graham, 1984; Hahon et al., 1985; Hahon and Booth 1986)
although the nature of the effect depends on the type of animal model used
(Foster et al, 1985). As in man, silica exposure in the mouse resulted in
either immune enhancement or suppression (de Shazo, 1982), with low doses
generally stimulating and high deses suppressing the response, as assessed
by the plaque forming cell (PFC) assay, alveolar macrophage phagocytosis
and cytotoxic antibody activity (Burns et al., 1980; Scheuchenzurber et
al., 1982, 1985). Similarly, exposure to asbestos resulted in various
effects on the immune system (de Shazo, 1982). Exposure of mice to NO7
resulted in increased susceptibility to bacterial infections (Gardner ana
Graham, 1984). By using different bacteria, it has been demonstrated that
both alveolar macrophage phagocytosis and the killing of gram negative
bacteria by polymorphonuclear Tleucocytes are adverseley affected by
different concentrations of NO2 (Jakab, 1987).

3. Ilmmunopotentiation

3.1. Allergy
Animal models of delayed hypersensitivity in skin and lung are more
predictive than in vitro models. The quinea pig model of skin sensitisation
has been widely used and has provided data of value in assessing risk to
man (Andersen and Maibach, 1985). This animal has also been proposed as a
model for the study of pulmonary hypersensitivity reactions (Doe, 1983;
Karol et al., 1985) but as yet no validated procedure is available for
prediction of human reactions. Similarly there are no predictive animal
models for immediate type hypersensitivity reactions in skin or type 11 or
type 111 allergic reactions (e.g., haemolytic anaemia, glomerulonephritis).
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reactions (Ratner et al.,1927) and for some groups of medicines (e.q.
penicillins) type 1 lung hypersensitivity can be demonstrated in this
animal. Using a variety of guinea pig models, delayed (type 1V)
hypersensitivity reactions in the skin have been demonstrated with a
number of medicines which cause allergic dermatitis in man, for example
neomycin, penicillin and benzocaine. (Andersen and Maibach, 1985)

tndustrial Chemicals_: Tsocyanates are a major cause of occupational
respiratory allergy; essentially all the features of human disease have
been reproduced in the quinea pig (Karol, 1986). Sensitisation to toluene
diisocyanate (TD1) by the inhalation route can be achieved in the quinea

P1g at exposure levels consistent with those in man (Karol, 1983).

Environmental exposure to platinum group metals, which causes an [qE
antibody response in humans (Murdoch et al., 1986), has been reported to
produce similar type I hypersensitivity reactions in rabbits and rodents
(Tomilets et al., 1980); others could reproduce these results in the rat
only with a Pt-ovalbumin conjugate (Murdoch and Pepys, 1984). Although
many chemicals are thought to cause respiratory allerqgy in humans it has
so far proved difficult to reproduce these effects consistently in animal
models. This failure may reflect the difficulties in identifying and
preparing immunoiogically relevant materials (hapten-protein conjugates)
for use in experimental studies.

Many industrial chemicals e.q. acrylates, epoxy resins, rubber chemicals,
preservatives, dyes (Wahlberg and Boman, 1985) have been shown to be skin
sensitisers in the gquinea pig and this species represents a sensitive
model for the prediction of skin sensitisation potential.

[t has been postulated that mercury induced renal damage may be mediated
by a type 1T (immune complex) allergic reaction (Bariety et al.,1971).
The presence of immune complex deposits in the kidney can be demonstrated
in the Brown-Norway rat but susceptibility to the deposition and the

subsequent lesion appears to be particularly dependent upon the strain
used (Bigazzi, 1985).



3.2.

3.2.1.

3.2.2.

_22-

Autoimmunity
The aetiology of autoimmunity is not well defined. The presence of

autcantibodies cannot necessarily be taken as being indicative of
autoimmune disease; indeed it has been suggested that autoantibodies may
have no direct involvement in the pathogenesis of autoimmune disorders
(Russel, 1981). The development of medicine and chemically induced
autoimmune disease is influenced by genetically based differences in
pharmacological and immune reactions and by other factors such as age and
nutritional state. Reliable animal models are therefore difficult to

develop and animal data on autoimmune disease are scarce.

Mouse strains spontaneously developing SLE-like syndromes (non-organ
specific autoimmune disease) show a variety of T- and B cell abnormalities
(Steinberg et al., 1980) but the organ specific autoimmune diseases, for
which few animal models are available, remain virtually unexplored. Since
conditions such as thymic defects and modification of T- and B lymphocyte
activities may lead to autoimmunity (Theofilopoulos and Dixon, 1982), it
may be possible to detect autoimmune reactions 1in animals treated with
agents known to affect the immune system. The popliteal lymph node assay
(Gleichmann et al,,1984) has been proposed for investigating the
autoimmunogenic properties of medicines and chemicals, but it is not yet
validated.

Medicines.Some medicines thought to cause autoimmunity in man also
induce autoimmune responses in specific strains of experimental animals.
Medicine-related SLE-like phenomena have been reported in mice
administered procainamide, hydralazine or isoniazide, in quinea pigs
given hydralazine and in rats dosed with penicillamine (Davies, 1981).
Other studies with the same medicines have failed to induce SLE-1like
phenomena in animals; these findings therefore remain controversial

(Russel, 1981).

Industrial chemicals. [n addition to the type UIT hypersensitivity
reaction previously described (see 3.1.2.), antiglomerular basement
membrane antibodies and complement deposition have been reported in

mercury treated Brown Norway rats (Druet et al., 1978). The presence of
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auto-antibodies in a number of species following exposure to mercury
salts have been reviewed by Bigazzi (1985) who concluded that chronic
administration of mercury salts gives rise to renal damage via autoimmune
mechanisms.

F. THE ASSESSMENT OF TMMUNOTOXTCITY IN EXPERTIMENTAL MODELS

This chapter reviews the use and value of data generated during conventional
experimental toxicological studies and by the use of immune function tests, in
assessing the effects of industrial chemicals and medicines on the immune system.

1.

Conventional Tests

Immunotoxicity has been described in chapter C as the adverse effects of
foreign substances on the immune system. The immune system is complex and
diverse and there are many possible points where such materials could attack to
modulate normal immune mechanisms. The overall effect may be suppression or
potentiation of the normal immune response.

"Normality" is difficult to define since the immune system, by its nature and
purpose, is a defence system against largely unpredictable and extracorporeal
influences. Various physiological and environmentai factors may influence the
immune system e.q., stress, age, nutritional deficiency, infections (Hudson et
al., 1974) and it is important to appreciate this since findings 1in animal
studies may reflect either a direct immunotoxic effect of a chemical or an
indirect effect. For example lymphoid tissue atrophy may be due to a direct
immunotoxic effect or may be caused indirectly by increased stress induced
adrenal corticosteroid secretion. Experimental toxicology is concerned with
determining the overall effects of a chemical as Judged by its ability to cause
structural and functional damage, and reliance is placed upon such information
generated during standard toxicity studies to provide an indication of possible
immunotoxicity. During acute, subacute and chronic toxicity studies information
is gathered which can provide an insight into the integrity and activity of the
immune system of the exposed animal. The types of data that could be gathered
to assess the possible immunotoxicity of chemicals are shown in Table 1. For
example, atrophy of Ilymphoid organs (as judged by weight, size and
histopathology), lymphopenia or an increase or decrease in  serum
immunoglobulins all suggest that the chemical may be acting upon the immune
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system and that there may be an alteration in the ability of the body to effect
a normal immune response.

TABLE 1

Toxicological Parameters Indicative of Possible Immunotoxic Effects.

1. Body Weight, mortality, incidence of infections.

2. Haematology profile (determined by red/white cell counts,
differential cell counts).

. Serum proteins (Total Protein, Albumin, Globulins, Tmmunoglobulins).

. Organ weights (spleen, thymus, lymph nodes, adrenals).

. Histopathology (spleen, thymus, lymph nodes, endocrine organs).

. Cell types and numbers in the bone marrow.

Y O B~ W

[t must, however, be recognised that the current OECD quidelines for "sub-
acute" and "repeated dose" toxicity studies do not require routine examination
of all of these parameters; for example the only lymphoid tissue examined
microscopically in the sub-acute (28 d) dose toxicity study is the spleen
(ECETOC, 1985). The reliability of such enhanced testing in jdentifying
immunotoxic effects of industrial chemicals and medicines needs to be further
assessed and the possibility of an interlaboratory trial considered.

[f observations during initial toxicological studies indicate that the immune
system may have been directly or indirectly affected; a detailed assessment of
the significance of the experimental findings to human health will be needed.
This assessment will include consideration of dose response relationships, the
route of exposure used in the tests, species differences in response to the
substance, metabolism, distribution and excretion, as well as the potential for
human exposure (the likely duration, levels and routes of exposure). This
assessment may indicate a need for further and detailed investigation of the
mechanisms.,

This approach assumes that perturbations of the immune system beyond its normal
capacity will eventually manifest themselves as some form of tissue injury or
abnormality. This assumption is supported by evidence that those chemicals
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shown by function tests to affect immune function in animals also cause
systemic damage. Sometimes damage is seen only at higher doses or longer
treatment periods than required to alter function test results. For example,
TCDD suppresses cell mediated immune function and causes severe atrophy of the
thymus in rat, mouse and quinea-pig (Koller, 1979). Di-n-octyltin chloride
suppresses cell mediated immunity in the rat and causes lymphoid tissue atrophy
(Faith et al.,1978). The fact that an unexpected, increased incidence of
immunologically based disease is not apparent in human populations provides
some reassurance that the current toxicological screening procedures are
adequate. However, it 1is recognised that few epidemiological studies of
immunologically based diseases have been carried out and that it may take
several years before a significant change in disease rates in exposed
individuals is revealed.

Ouring standard toxicological studies the clinical and pathological
consequences of specific hypersensitivity reactions may readily be ijdentified
but the fact that they arise as a result of a hypersensitivity reaction will
not be so easily recognised. At the present time reliable predictive
experimental models to identify hypersensitivity reactions as the cause of
human disease are available only for type [V skin reactions. Tests for this
type of hypersensitivity are already required by many legislative bodies and
have been reviewed previously (ECETOC, 1980; Andersen and Maibach, 1985). The
identification of other types of hypersensitivity reactions, particularly
respiratory allergy (type 1), requires further research. In addition, it is not
yet possible to identify those chemicals or drugs which. have a potential to
cause autoimmune reactions, unless autoimmunity is expressed as overt clinical
symptoms or pathological changes in animals.

Immune Function Tests

Many experimental models have been developed by immunologists to investigate
specific aspects of immune function and, by using them, it is now possible to
examine closely the three basic phases of the immune response :

a) recognition of antigen;

b) activation (lymphocyte proliferation and differentiation);

c) expression of immunity.

A variety of these in vivo and in vitro immunological models are now being
proposed as tests to investigate routinely the effects of chemicals and drugs
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on immune function. Their application to toxicology has been reviewed
extensively elsewhere (Dean et al., 1979a-b-c; Silkworth and Loose, 1981,
Luster et al., 1982; Norbury, 1985) and examples of the tests that have been
used are listed in Appendix 3. Many have been used to examine the effects of
medicines and industrial chemicals on specific aspects of immune function in
animals. For example, lead has been shown to inhibit antibody synthesis (Koller
and Kovacic, 1974) and to affect immunological memory (Koller, 1980) and TCDD
and PBB have been demonstrated to inhibit lymphocyte proliferation (Luster et
al., 1982). The results of these tests show that they are sensitive ard able to
detect subtle changes in the functional capacity of isolated components of cell
mediated, humoral and non-specific immune mechanisms. However, most of the
tests have been performed using specific strains of mice and little data have

been generated on other species more commonly used in standard toxicity
studies.

The significance of the changes is uncertain since there is insufficient
knowledge of the relevance of changes in isolated immunological parameters to
overall functional capacity. 1t is Tikely that, in common with other organs and
systems, the immune system has a considerable reserve capacity and that small,
transient fluctuations 1in activity are unlikely to be of c¢linical or
pathological significance. The degree of functional change (as shown by the
tests) which 1is of significance to health is not yet known, Data on the
non-cytotoxic immunosuppressant medicine Ciclosporin A show that, despite clear
evidence from function tests of a suppressed immune system, there was no
evidence of an increased incidence of neoplasia or infectious disease during
Tong term animal toxicity studies (cf. Chapter E).

Immune function tests may prove useful where there is a need to investigate in
detail any finding in conventional toxicity studies which points to
immunotoxicity. However the immune system is a fully integrated system,
involving interactions between many organs and cell types and this suggests
that single ex vivo and in vitro function tests on isolated aspects of the

system will be of Timited value in assessing overall immune competence. Equally
a standard set of tests will be of no value since the choice of function test
must depend upon the type of immunity and specific aspects of immune function
to be investigated. The design of each experimental protocol is also extremely
important since many factors can influence the results obtained, e.g. species
differences (rodent lymphocytes are particularly sensitive to corticosteroids)
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and metabolic ability (the degree of metabolic activation/ deactivation present
in the test system). Any test carried out must take into account the likely
route and degree of human exposure and tests should be performed at dose levels
below those which cause frank toxicity in animal studies.

The results of immune function assays must be assessed critically and in the
context of the overall immune response. The complex, diverse nature of the
immune system, the variability of the immune status of individuals and groups
and the likely reserve capacity make comparative quantitative measurements of
immune function difficult. Hence demonstration of a quantitative change in the
results of a function test is not necessarily a reliable indication that the
immune system has been significantly compromised, and it 1is important to
correlate results obtained in function tests with findings of pathological
significance previously observed in standard toxicity studies.

G. PREDICTION OF TMMUNOTOXTC EFFECTS TN MAN FRCM EXPERTMENTAL ASSAYS

1. Untroduction

Chemicals and medicines can and do interact with and modify the responses of
the human immune system (e.g. wuse of immunosuppressive drugs and
hypersensitivity reactions). As discussed in Chapter D there are few examples,
apart from hypersensitivity reactions, of inadvertent immunotoxicity in man
despite a wealth of data showing effects in experimental models (cf. Chapter
E). This section examines the data on a selection of medicines and chemicals
and discusses the correlation between effects observed in humans and in
experimental models.

2. lmmunosuppression

2.1. Medicines
Many medicines,e.qg. corticosteroids, cyclosphosphamide and azathioprine, are
used clinically to suppress immune function. Prolonged usage at high doses
leads to an increase in the frequency and severity of infection and with
cytotoxic medicines there is evidence of an increased susceptibility to the
development of neoplasia (cf. Chapter D). Such effects are consistent with a
profound suppression of immune function produced in patients at therapeutic
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dose levels. However, evidence that other medicines have inadvertently
produced clinically significant immunosuppression in man has not been found.

Experimental models such as resistance to infections or tumour transplants
can be used to examine the overall effects of immunosuppressive medicines.
The effects on overall immune response and on specific aspects of immune
function (e.g. mitogen responsiveness) have proved useful in the
investigation of their mechanism of action (cf. Chapter F). While the effects
of medicines such as corticosteroids, cyclophosphamide and Ciclosporin A in
man can be clearly demonstrated in experimental models,it is notable that at
pharmacologically active dose levels they invariably demonstrate profound
effects on lymphoid tissues (e.q. atrophy) in standard toxicity studies.Thus
such studies would be sufficient to indicate qualitatively a possible
immunosuppressive effect.

Industrial Chemicals

Examples of industrial chemicals causing immunosuppression in man are rare
and have in the main occurred following accidental overexposure (cf. Chapter
D). While the immunosuppressive effects of industrial chemicals have been
extensively studied 1in experimental models, no correlation can be made
between effects observed in experimental models and those observed
clinically, both because of the lack of human data and the fact that
experimental studies have often been performed using inappropriate routes of
exposure and at dose levels well in excess of the likely human exposure and
generally at levels which cause frank toxicity.

The findings in a population exposed to PBBs (Michigan incident) are discus-
sed in Chapter 0. Similar findings (reduction of T and B cell proliferation
and numbers of circulating lymphocytes) were demonstrated in experimental
models (Fries, 1986) but generally the effects were observed only at dose
levels which caused overt toxicity. There was also considerable species

variation 1in response, rats being particularly sensitive (Luster et al.,
1978).

Accidental exposure to PCBs has been associated with an increased incidence
of infectious diseases (Shigematsu et al.,1978), suppression of cellular
immunity and reduction of immunoglobulin receptors. The effects of PCBs on
immune function using experimental models have been extensively reviewed
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(Vos, 1977, Faith et al.,1978; Koller., 1979). The main effects were
reductions in T-cell dependent antibody responses and in delayed
hypersensitivity reactions. These studies were often performed at dose levels
which also cause overt toxicity. There is some evidence that low exposure to
PCBs does not result in effects on humoral or cell mediated immune responses
in animals (Street and Sharma, 1975).

Other industrial chemicals (e.q. lead, some organotin compounds, TCOD)
suppress immune function in specific tests. There is no evidence at present
that these effects occur in man. Studies of workers exposed to lead (Kimber
et al.,1986) and ethylene oxide (van Sittert et al.,1985) support the view
that immunosuppressive effects do not occur with those chemicals which have

been shown to be immunosuppressive in experimental models when exposure
levels are below present TLV's.

Immunopotentiation

Allergy
Both medicines and industrial chemicals can induce allergy in man. Although

allergy is a well defined clinical problem it has proved difficult to develop
reliable, predictive experimental models. While quinea pig models for
allergic contact dermatitis (Maurer, 1983; Anderson and Maibach, 1985) have
been used successfully to identify those materials with a potential to cause
delayed (type 1V) skin reactions in man, it is not possible to identify with
confidence those materials likely to cause type 1, 11 or I[I11 allergic
responses in exposed populations. Structure-activity relationships may be of
some some help in prediction (Edwards, 1983; Goodwin and Roberts, 1986).

Autoimmunity

A number of medicines and industrial chemicals have been associated with the
induction of autoantibodies and/or an incidence of autoimmune-like pathology
(cf. Chapter D). Chemically induced autoimmunity is a complex issue since its
development is greatly influenced by age and nutrition and especially genetic
predisposition and this makes it difficult to establish a cause-effect
relationship in humans. Correlation with experimental findings is of little
value since, although autoimmune effects can be shown in specific

.experimental models, the above mentioned factors make the development of a

reliable model difficult.
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H. STRATEGY TO ASSESS THE [MMUNOTOXTC EFFECTS OF CHEMICALS [N HUMANS

1. Untroduction

A medicine or industrial chemical should be suspected of having the potential
to cause immunotoxic effects in man if :

a. it has been shown to produce health effects in man which relate to
immunotoxicity (e.q. increased susceptibility to infection, allergy);
b, data obtained from experimental models suggest an immunotoxic effect;

c. the medicine or industrial chemical has structural similarities to known
immunotoxic chemicals,

Different strategies are needed to assess the health effects of
immunosuppressive and immunopotentiating compounds. With regard to the latter
discussion will be limited to hypersensitivity reactions.

2. Strateay to Assess Immunosuppressive Effects in Humans

Health effects may be observed in individuals and in groups of people. Whenever
possible, evidence from individuals should be supported by studies of other

individuals or groups who have been similarly exposed. Furthermore these
effects should be verified in suitable experimental models.

When an immunotoxic effect 1is identified from experimental studies, the
estimation of risk to exposed humans will be complicated, as for all other
toxicological studies, by differences in i) the experimental dose and the
actual level of human exposure, ii) the metabolism and toxico-kinetics of the
chemical in the model and in man, iii) the responsiveness of different species,
iv) the route of administration and v) the age of the animal.

The observation of immunosuppression in either humans or animals may require

an investigation of the relationship between exposure and occurrence of
immunotoxic effects by epidemiological or other surveillance studies. Tn such
studies particular attention should be paid to confounding factors such as age,
sex, stress, use of alcohol and therapeutic medicines. Exposure should be
measured and objective tests (e.g. standard haematology, serum protein
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determination) should be used for the detection of immunosuppression. Initial
studies may show a need for further medical examinations which could include
specialised immune function tests. However interpretation of immunological
tests in terms of human health risk is complicated, since little quantitative
data are available on the deqree to which an immunological parameter needs to
be modified befare an overt clinical event is produced.

Strategy for Measurement of Hypersensitivity to Chemicals in Man

Introduction

Since an animal model 1is available only for type 1V hypersensitivity
responses, type [, 10 or 11l hypersensitivity reactions must be assessed by
studies in man. Type 1l hypersensitivity has been confined mainly to
medicines and manifests itself in haematological disturbances. Since these
parameters are easily measured by standard methods, they will not be
considered in this chapter.

Respiratory tract allergy

When a patient has a work-related respiratory complaint which may be due to
allergen exposure diagnostic tests can be performed to substantiate the
relationship between allergen exposure and symptoms. These tests may include
spirometry and/or peak flow measurements (Sherwood Burge, 1982), leucocyte
counts (Hendrick et al.,1980), eosinophil counts and the measurement of body
temperature before, during and after work exposure. [f an allergen is
suspected of causing the respiratory complaint, specific [1gE antibody may be
determined in the serum by the RAST or 1gG antibody may be determined by
using the ELTSA technique. In addition a skin prick test with the suspected
allergen can be performed. An inhalation provocation test with the suspected
allergen may be carried out under carefully controlled clinical conditions,
in addition to more extensive lung function measurements (diffusion capacity,
compliance) and broncho-alveolar lavage.

Where allergen exposure is likely to occur in the workplace it has proven
beneficial to conduct pre-employment and follow-up medical examinations.
Thereafter epidemiological investigations may be carried out to study the
relation between exposure and the incidence of allergic reactions. Medical
examinations would include work history, respiratory symptoms, spirometry,
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skin prick testing, bronchial hyper-reactivity testing and estimation of
specific serum antibodies. In these examinations it is important to pay
attention to the influence of confounding factors such as smoking, use of
therapeutic medicines, age, sex and diurnal rhythm.

Skin allergy
In cases of work-related eczema, patch testing with the suspected compounds

should be performed to identify the allergen and to differentiate between
allergic and irritant contact dermatitis. [t should be noted that one

disadvantage of the patch test is that it can sensitise hitherto unsensitised
workers.

To establish whether urticaria is work-related, skin prick testing with the
suspected allergens can be performed, together with specific 1gE measurements
by RAST. The atopic state of such patients may be assessed from the skin
prick test reactivity to common environmental allergens.

Although not common, predictive testing for the assessment of the potential
of chemicals to cause allergic contact dermatitis can be carried out in
humans (Stotts, 1980; Marzulli and Maibach, 1986). Ethical and practical
considerations limit the scope and hence the value of such studies in man.

[t may sometimes be valuable to perform epidemiological studies in workers
exposed to skin sensitisers,

{. RECOMMENDATIONS

Several aspects of immunotoxicology require further investigation to improve our
understanding of the ways in which chemicals interact with the immune system. The
following aspects were considered by ECETOC to be of the highest priority :

1.

[mprovement of the Existing Sub-Acute Toxicity Test Guidelines to Include more

Detailed Assessment of the Tmmune System.

In contrast to longer term studies, current OECD quidelines for the examination
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of chemicals in 14 - or 28-day toxicity tests pay little attention to the
lymphoid organs, the only requirement being for histopathological assessment of
the spleen. Studies including more detailed assessment (weight and
histopathology) of the spleen, thymus, draining and distant lymph nodes,
together with histopathological assessment of the bone marrow are more Tikely
to identify adverse effects on the immune system.

Tt is recommended that the ability to detect immunotoxic chemicals using this
type of enhanced testing should be validated by means of an interlaboratory
trial (1PCS, 1986).

Investigation of the Functional Reserve of the Immune System

Chapters D and £ have illustrated that animal and human data have implicated
chemicals as immunotoxicants on the basis of a change in one or more
immunological parameters., Many of the tests which measure these parameters (cf.
Appendix 3) are extremely sensitive but the relevance of the changes brought
about by exposure to medicines and industrial chemicals to human health is at
present unciear. A possible exception is the in vivo model which measures the
host response to infection. Significant perturbations of the immune system, as
seen for example in patients with advanced stages of cancer or AIDS, can be
correlated with major changes in certain immunological test results (e.q.
reductions in T-cell numbers and lowered responses to mitogens). The
significance of less profound changes in immune function test results on the
health of an animal or man is not known.

[t is likely that the immune system has considerable reserve capacity. It is
recommended that the extent of this functional reserve is assessed in a number
of animal models. Tn addition an assessment should be made of normal inter- and
intra-individual variations in humans. This may help to provide a more
meaningful interpretation of the results of the various tests. Validated ex
vivo tests are particularly important for use in epidemiological studies of
exposed human populations (see 5 below).
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3. The Development of Experimental Models to Predict the Potential of a Chemical
to Induce Respiratory Allergy.

[t is desirable that an experimental model for predicting Type [ hypersensiti-
vity responses to medicines or industrial chemicals should be developed and
validated.

4. Research on Mechanisms of Chemically Induced Autoimmunity

Further research is needed to clarify the mechanisms of chemically induced
autoimmunity. [t s desirable to develop methodology to aid in the
identification of those medicines and industrial chemicals likely to cause
autoimmune disease.

5. The Assessment of Immunotoxicity in Exposed Human Populations

Clinical and epidemiological studies of human populations exposed to suspected
immunotoxic chemicals to «correlate any health effects observed with
immunological assessments and exposure levels would be desirable.
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H. APPENDICES
APPENDTX 1: ABBREVTATIONS AND GLOSSARY OF TERMS

. Abbreviations

[0S : Acquired Immunodeficiency Syndrome.
BTS : British Toxicology Society.
EAA : Extrinsic Allergic Alveolitis.

ECETOC : European Chemical Industry Ecology and Toxicology Centre.

EEC : European Economic Community.

m
—
—
w
>

: Enzyme Linked Ummunosorbent Assay.

HLA : Human Leucocyte Antigen.

TLO : International Labour Organisation,

NTEHS : National Tnstitute of Environmental Health Sciences.

RAST : Radio Allergosorbent Test.

UNEP : United Nations Environment Programme.

WHO/TPCS : World Health Organisation/International Programme on Chemical

Safety.

. Glossary of Terms

Adaptive Immune Response : A response to foreign material characterised by

specificity and memory which can be mediated by antibody and/or antigen-
committed lymphocytes.

Allergy : A clinical manifestation of a state of hypersensitivity. Allergy is
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classically defined as an antigen-specific, altered reactivity of the host to
antigen,

Anerqgy : Absence of immune reaction to a specific antigen.

Antibody : A protein molecule belonging to a class of proteins called
immunoglobulins which are found in serum and secretions. They are produced by

B-lymphocytes (plasma cells), in response to an antigen and they have the
capacity to combine specifically with the antigen.

Antigen : Foreign material which can induce an immune response mediated by
antibodies or committed lymphocytes (see also Hagten).

Antigen-Presenting Cells : A variety of cell types which concentrate, process
and present antigens to lymphocytes in order to induce an immune response.

Atopy : A genetic predisposition towards the development of immediate hyper-
sensitivity.

Autoimmunity : An adaptive immune response against "self" which can result in
the development of clinical disease.

Cell-mediated immunity : An immune response mediated by antigen-specific
lymphocytes.

Complement System : A system of proteins occurring in normal plasma and in
secretions, activated characteristically by antibody-antigen interactions or by
microbial cell walls and which subsequently mediate a number of biologically

significant consequences e.qg. cell 1lysis, enhancement of phagocytosis and
inflammation.

Hapten : A small molecule, which although foreign, cannot be recognised by the
immune system unless combined with a suitable carrier.

Humoral Immunity: An immune response mediated by factors which are 'free' in
the body fluids e.g. antibodies.
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Hypersensitivity : An adaptative immune response against an antigen which
occurs in an exaggerated or inappropriate form and which can lead to tissue
damage (see allergy). Four types of hypersensitivity are recognised (cf.
Appendix 2).

Immunoglobulin : cf. antibody.

Ummunopotentiation : An increase in the functional capacity of the immune

response.

Ummunosuppression : A reduction in the functional capacity of the immune

response as observed with certain drugs which are prepared with the express
purpose of suppressing the immune system.

Immunosurveillance : The mechanisms by which the immune system is able to

recognise and destroy malignant cells before the formation of an overt tumour.

B-Lymphocytes : cells of bone marrow origin which migrate into blood, lymph and
lymphoid tissue. They express specific surface antibody which may bind antigen
causing differentiation into plasma cells.

T-Lymphocytes : cells of the bone marrow origin which mature in the thymus and

then migrate into blood, lymph and lymphoid tissue. They express non immuno-
globulin antigen receptors and are derived functionally into helper-, suppres-

sor - and cytotoxic subpopulations.

Lymphokine : Generic term for a number of molecules (excluding antibody)
produced by lymphocytes and involved in mediating cellular interactions during
an immune response.

Macrophage : Bone marrow derived mononuclear cell found in the blood (where it
is known as the monocyte), lymph and in many organs. Two main functions are
recognised, phaqocytosis and antigen presentation (cf. antigen-presenting
cell).

Natural Killer Cell (NK Cell) : A lymphocyte-like cell which has the capacity
to destroy non-specifically certain virally-infected and tumour cells.




Phagocytosis : The ingestion of foreign material into a cell, for example a
macrophage.

Plasma Cell : A terminally differentiated B-lymphocyte which has the capacity
to synthesise and secrete antibody.

Polymorph : A phagocytic polymorphonuclear leucocyte.

Recall Antigen : Material recognised by "memory" cells which stimulates rapid
(secondary) immune responses,

Self Antigen : Antigenic component of an individual's own tissues. Normally
"self" surface markers are recognised by the immune system neonatally, and
immunological tolerance develops.

APPENDIX 2 : IMMUNE HYPERSENSITIVITY REACTIONS

A Type [ (immediate hypersensitivity) reaction results from the interaction

between antigen and antibody (normally [qE) bound through specific receptors to
the surface of mast cells or basophils. The interaction between antigen and
antibody on the cell surface results in an immediate release of pharmacological

mediators (e.g. histamine) which may induce clinical symptoms (e.qg. hay-fever,
urticaria, etc.).

A Type I reaction results from the interaction of antibody (normally 1gG) and
antigens (e.qg. self-antigen or drug) on the surface of cells (e.q. erythrocytes).
Interaction between antigen and antibody may activate the complement system

leading to lysis of the cell (e.g. haemolytic anaemia) or phagocytosis of the cell
through opsonic or immune adherence.

A Type 111 (Arthus type) reaction results from the formation of antigen-antibody
complexes (in slight to moderate antigen excess) which are deposited in blood
vessel walls, Complement activation results in the accumulation of
polymorphonuclear leucocytes at the site of complex deposition, which release
tissue-deqrading enzymes damaging the basement membrane leading to haemorrhage.
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A Type [V (Delayed hypersensitivity) reaction results from interaction between
antigen-committed T-lymphocytes and antigen. The release of lymphokines and
accumulation of effector cells at the site of antigen contact leads to a reaction
characteristically-delayed by 24-48 hours after the antigen contact.
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